Background
==========

Triple-negative breast cancer (TNBC) has negative expression of progesterone receptor (PR) and estrogen receptor (ER), and low expression of human epithelial growth factor receptor-2 (HER-2) \[[@b1-medscimonit-22-115],[@b2-medscimonit-22-115]\]. Due to its strong invasiveness, unfavorable prognosis, high malignancy, and high reoccurrence, TNBC has relatively lower overall survival rate compared to other types of breast cancer \[[@b3-medscimonit-22-115]--[@b5-medscimonit-22-115]\]. Recent studies revealed the infiltration of immune cells in TNBC, accompanied with the features of stem cell and epithelial-mesenchymal transition \[[@b6-medscimonit-22-115],[@b7-medscimonit-22-115]\].

Tumor-associated macrophages (TAMs) are infiltrated macrophages inside or adjacent to the tumor tissues and are major infiltrated cells in the micro-environment of tumors. Recent discoveries indicate a significant correlation between TAMs infiltration and cancer prognosis \[[@b8-medscimonit-22-115],[@b9-medscimonit-22-115]\]. TAMs have been confirmed to facilitate the progression of tumors via up-regulating tumor infiltration and migration. As a specific marker of macrophages, CD68 can be used to detect the presence of TAMs \[[@b10-medscimonit-22-115],[@b11-medscimonit-22-115]\]. A recent study suggested the potency of M2 type macrophage, which was often identified in TNBC, as a novel drug target for those breast cancers that are insensitivity to hormonal and HER2-target therapy \[[@b12-medscimonit-22-115]\].

Interleukin-6 (IL-6) facilitates the proliferation and differentiation of bone marrow-derived cells, in addition to potentiating the cell lysis ability of natural killer (NK) cells, via its synergistic effect on colony-stimulating factor (CSF). IL-6, as a pluripotent cytokine, modulates various cellular functions, including proliferation, differentiation, and immune defense. It is also involved in the progression of tumors by interference in the expression of cell adhesion and surface antigen molecules \[[@b13-medscimonit-22-115]\]. Chemokine (C-C motif) ligand-5 (CCL-5) is the most widely studied chemotactic factor and plays a critical role in recruiting leukocytes to inflammatory sites. CCL-5 is believed to facilitate metastasis of breast tumors, along with its receptor CCR5 \[[@b14-medscimonit-22-115]\]. IL-10 is an important factor in mononuclear macrophage-involved body immune processes, and IL-12 can suppress tumor growth via inducing strong cell immunity response. IL-1β can interfere with normal T-cell mediated immune response, thus causing the release of IL-17, which has oncogenic effects in the sense of tumor angiogenesis. Macrophage inflammatory protein-2 (MIP-2), also referred to as CCL-9, has been reported to be involved in liver metastasis of intestinal tumors. Current studies, however, have not revealed the expressional profiles of all those abovementioned cytokines/chemotactic factors as a whole in TNBC, especially those in patients with higher TAMs expression. This study thus investigated the expression of TAMs in 48 TNBC patients, followed by the quantification of related cytokines in CD68 high infiltration and low infiltration groups.

Material and Methods
====================

Patient information
-------------------

A total of 48 TNBC patients were recruited in this study. Inclusion criteria were: (1) With complete clinical records including tumor TNM staging, pathological diagnosis, post-operative follow-up and treatment plant; (2) With full follow-up record including the time and location of metastasis (if any) and clinical examination results. Patients had an average age at 48.4 years (range, 34\~58 years). TNBC diagnosis was made based on negative test results in ER, PR, and HER-2 from biopsy samples. No significant difference existed in sex, age, and body weight between CD68 high expression and low expression group. The study protocol was approved by the Research Ethics Committee of our hospital, and all patients gave their informed consent before study commencement.

Immunohistochemical (IHC) staining
----------------------------------

Tumor samples were firstly fixed in 10% formalin overnight, followed by dehydration in gradient ethanol (70% for 3 hours, 80% for 3 hours, 95% for 2 hours, 100% for 1.5 hours, two changes) and processed in xylene (0.5 hour, two changes) and paraffin (1 hour + 2 hours). After embedding in paraffin, tissues were prepared for 3 μm slices, which were de-waxed in routine way (xylene followed by gradient ethanol). Antigen retrieval was performed by hot citric acid buffer (pH 6) for 5 min. Non-specific binding sites were blocked by 10% bovine serum albumin (BSA) for 30 min. Primary antibody against CD68 (Santa Cruz, US) was applied for overnight incubation. On the next day, anti-mouse IgG was added for 1-hour incubation at 37ºC. DAB substrate was then used to develop the tissue slide, followed by hematoxylin counter-staining (3 min). Images were captured under a light-field microscope. The determination of CD68 high infiltration and low infiltration was made according to the infiltration of positive cells across the basal membrane as previously described \[[@b15-medscimonit-22-115]\].

RT-PCR
------

Equal volumes of tumor tissues were rinsed in Trizol reagents (Invitrogen, US) for 10 min, followed by 10-min centrifugation at 10 000 g. Supernatants were transferred into a new tube for lysing on ice, then 0.2 mL chloroform was added to extract nucleic acids by mixture, incubation on ice, and centrifugation (15 min at 10 000 g). The upper phase was saved with equal volume of isopropanol for precipitation at room temperature and 10 000 g centrifugation. RNA pellets were washed in 75% ethanol (in DEPC-treated water) and dissolved in 20 μL DEPC-treated water. RT-PCR was performed using reverse transcription kit (TaKaRa, Japan) using specific primers (as shown in [Table 1](#t1-medscimonit-22-115){ref-type="table"}) under the following parameters: 95ºC for 3 min, followed by 35 cycles each containing 95ºC denaturing for 30 s, 58ºC annealing for 40 s, and 72ºC elongation for 50 s, and ended with 72ºC elongation for 10 min.

Enzyme-linked immunosorbent assay (ELISA)
-----------------------------------------

Test kits for human IL-6, IL-10, Il-12 and IL-1β were purchased from Ruiboao Biotech, Guangzhou, China. Test kits for human CCL-5 and MIP-2 were products of Hengyuan Biotech, Shanghai, China. ELISA was performed according to the manual instructions. In brief, total proteins were extracted from both CD68 high infiltration and low infiltration groups. Both standard samples and tissue samples were added into 96-well plates, followed by the addition of 0.1 mL biotin-labelled antibody and 60-min incubation at 37ºC. After gentle washing in 0.01 M TBS, ABC reagents were added into each well for further 30-min incubation. The color was developed in the dark by TMB reagents. After stopping, a microplate reader quantified the optical density value at 470 nm for further analysis.

Statistical analysis
--------------------

SPSS 11.0 software package was used to process all collected data. Student's t-test was used to compare means between groups. A statistical significance was defined when p\<0.05.

Results
=======

CD68 positive rate and prognosis
--------------------------------

We found 34 out of 48 TNBC samples were positive for CD68 based on IHC staining. The positive signal was determined as brown granules inside cytoplasm of macrophages ([Figure 1](#f1-medscimonit-22-115){ref-type="fig"}). Five fields were randomly selected from each slice. Using software statistics, CD68-positive tissues were further divided into 14 cases of low infiltration and 20 cases of high infiltration ([Figure 1A, 1B](#f1-medscimonit-22-115){ref-type="fig"}). When combined with the post-operative follow-up, we found significantly higher survival rate of low-infiltration patients when compared to high-infiltration patients, as more than 95% of CD68 low-infiltration patients survived after 5 years, while less than 90% of high-infiltration individuals had 5-year survival (p\<0.05, [Figure 1C](#f1-medscimonit-22-115){ref-type="fig"}).

Elevated expression of IL-6 and CCL-5 in high infiltration tumors
-----------------------------------------------------------------

We measured the expression levels of IL-6, CCL-5, IL-1β, MIP-2, IL-10, and IL-12 mRNA in both groups. Results showed significantly elevated expression of CCL-5 and IL-6 in the high infiltration group ([Figure 2](#f2-medscimonit-22-115){ref-type="fig"}).

Elevated IL-6 and CCL-5 proteins in high infiltration group
-----------------------------------------------------------

By ELISA approach, we obtained consistent results, as only IL-6 and CCL-5 proteins were up-regulated in high infiltration tumor samples (p\<0.05, [Figure 3](#f3-medscimonit-22-115){ref-type="fig"}).

Discussion
==========

The incidence of breast cancer has been increasing in recent years. As a type of high-risk breast cancer, TNBC has its unique immune phenotype, pathological features, and clinical progress, all of which make it insensitive to hormonal or target treatment \[[@b16-medscimonit-22-115]\]. Specific markers of TNBC have been studied previously. For example, RUNX1 protein has been shown to be correlated with TNBC to some extent, as patients with RUNX1 positive expression had shorter survival time compared to those with RUNX1 negative individuals \[[@b17-medscimonit-22-115]\]. TNBC has unfavorable prognosis and lower 3-year survival rate compared to other subtypes of breast cancer. Recent findings showed the activation of JAK/STAT signaling pathway in TNBC, and its inhibitor CYT387, can somehow inhibit the tumor growth \[[@b18-medscimonit-22-115],[@b19-medscimonit-22-115]\]. Other studies indicated the potential correlation between CD44+/CD24− cells and TNBC, although the role of related cytokines requires further research \[[@b20-medscimonit-22-115]--[@b22-medscimonit-22-115]\].

As a specific marker for TAMs, the infiltration of CD68+ cells was positively related with tumor severity. Our study agreed with this opinion by showing significantly elevated 5-year survival rate of CD68 high-infiltration patients. Such differential patterns of CD68+ cells may contribute to various cytokine expressions. CCL-5 was firstly identified in breast cancer based on its expression or secretion from tumor cells \[[@b23-medscimonit-22-115]\]. IL-6 is a classical inflammatory factor with well-known function. Its expression in breast cancer, however, has received little research attention, especially in TNBC patients. On the other hand, IL-6 and IL-8 have been found to co-exist in various tumors. IL-6 has been reported to facilitate tumor infiltration and development of drug resistance by up-regulating X-linked inhibitor of apoptosis (XIAP) gene \[[@b24-medscimonit-22-115]\]. Other reports indicated the up-regulation of IL-6 on multidrug resistance receptor 1 (MDR1) gene expression as chemotherapy agents can facilitate the accumulation of IL-6 and IL-8, although the details of the mechanism require further study \[[@b25-medscimonit-22-115]\].

This study investigated the expression of cytokines, especially classical inflammatory cytokine IL-6 and the well-studied chemotactic factor CCL-5, in CD68+ TNBC patients. We found significantly elevated expression of those 2 factors in high infiltrated cases compared to other cytokines examined. ELISA results agreed that IL-6 and CCL-5 proteins were up-regulated in high infiltrated TNBC patients. These results provide new insights on the etiology of TNBC, in addition to providing a novel target, against which drugs targeting TNBC may be developed. The detailed reason for such high-expression and the effect of suppressing those factors on the tumor progression, however, requires further investigations.

Conclusions
===========

In summary, this study provided evidences that CD68+ TNBC patients with high infiltration had lower survival rates compared to the low infiltration group. CD68 high infiltration patients had higher IL-6 and CCL-5 expression levels, suggesting the potential role of IL-6 and CCL-5 antagonist in suppressing tumor formation and development.

**Source of support:** Departmental sources

![CD68 expression and prognosis. (**A**) IHC staining images of CD68 low infiltration group; (**B**) Staining of CD68 high infiltration group; (**C**) Overall survival rate in low infiltration patients was significantly higher than the high infiltration group.](medscimonit-22-115-g001){#f1-medscimonit-22-115}

![Cytokine expressions in tumors. (**A**) Representative DNA bands in both low infiltration and high infiltration groups. (**B**) Quantitative results of (**A**). \*\*, p\<0.01 compare to low infiltration group.](medscimonit-22-115-g002){#f2-medscimonit-22-115}

![ELISA results of cytokines and chemotactic factors. \*, p\<0.05; \*\*, p\<0.01 compared to low infiltration group.](medscimonit-22-115-g003){#f3-medscimonit-22-115}

###### 

Primer sequence.

  Gene    Forward primer (5′-3′)    Reverse Primer (5′-3′)
  ------- ------------------------- -------------------------
  CCL5    GGAACACGTCGTGGGATAATG     GGCAGACTTTGGATGCTTCTT
  IL-1β   AGCTTCAGGCAGGCAGTATC      CATCTCGGAGCCTGTAGTGC
  Mip-2   AGTTTGCCTTGACCCTGAAG      GCACATCAGGTACGATCCAG
  IL-6    CTGCAAGAGACTTCCATCCAG     AGTGGTATAGACAGGTCTGTTGG
  IL-10   AGCCTTATCGGAAATGATCCAGT   GGCCTTGTAGACACCTTGGT
  IL-12   AACCTCACCTGTGACACGCC      CAAGTCCATGTTTCTTTGCACC
  GAPDH   GGTGAAGGTCGGTGTGAACG      CTCGCTCCTGGAAGATGGTG
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